The present study reports 188 species and 2 subspecies of lichens and allied fungi from forest rocky communities of the hill Muroigora situated in the Arkhangelsk part of the National park "Vodlozersky" (Arkhangelsk Region, NW Russia). 
INTRODUCTION
Rocky forest communities are typical for the territory of Fennoscandia. Rocky communities might represent key habitats for rare forest species (Nitare, 2000 , Andersson et al., 2009 ). Lichens are a typical component of boreal forest communities, including rocky forests. They are sensitive to environmental disturbances and may be indicators of the degree of uniqueness of communities.
The Arkhangelsk Region is the largest territory of NW Russia. The lichen diversity of the Arkhangelsk Region is still poorly known compared with the other regions of Russia (see Tarasova et al., 2015) .
The Vodlozersky National Park is the largest (468,300 ha) protected area on the territory of NW Russia as well as in whole Europe. The park is located in two regions of Russia: in the Arkhangelsk region (337,600 ha) and in the Republic of Karelia (130, 600 ha) . Within the Vodlozersky National Park one of the largest areas of European middle taiga covered with old-growth forests (about 600,000 ha) is located (Chervjakov, 2001) . The park area includes the Lake Vodlozero and extensive basin of the Ileksa River which is the main tributary of the lake (mainly in the Arkhangelsk region).
The park is located on the eastern edge of the Fennoscandian Shield (Baltic Shield), on the border of the East European Plain. These two physiogeographic regions of Europe differ greatly in a range of conditions for growth of forest communities. Most of the territory of the park is covered by a plain mire landscape, with deep crystalline rocks. The northern part of the Park borders with the low-mountain ridge Windy Belt, which causes the presence here of a tectonic denudation of the landscape as individual rocky hills and ridges covered by forests. The study area is characterized by a heterogeneity of climatic and geomorphologic conditions. Therefore it arouses great scientific interest for the identification and analysis of biodiversity at different levels.
The history of the study of lichens of the Vodlozersky National Park started only after its establishing. In 1991 a Russian-Finnish lichenological expedition was organized to were published partially for the whole biogeographical province Karelia transonegensis (Kton), without exact location (Fadeeva et al., 1997 (Fadeeva et al., , 2007 . For the vicinities of Pilmasozero and Kelkozero Lakes 88 lichen species were reported (Lapshin & Osipov, 2001 ). The preliminary list of lichens of the Karelian part of the park included 155 species (Tarasova, 2000; Tarasova & Stepanova, 2001 ). Several papers were published on lichen ecology (Gorshkov & Tarasova, 2000; Gorshkov et al., 2002 , Tarasova et al., 2005 Tarasova & Kapitonihina, 2006 etc.) and on the distribution of protected species, Lobaria pulmonaria (Potasheva & Kravchenko, 1995; Kravchenko & Fadeeva, 2008) and Bryoria fremontii (Kravchenko, 2001) . All the previous studies were carried out in the Karelian part of the park while no lichenological data about the Arkhangelsk part has been published, with the exception of one ecological paper where seven widespread terricolous lichens were mentioned . In general, the lichen diversity of the Vodlozersky National Park is still insufficiently known.
The present study focuses on lichen diversity of forest rocky communities. Moreover, the results of the present study make a contribution to the lists of lichens of the Vodlozersky National Park and the whole Arkhangelsk Region.
MATERIALS AND METHODS

Study area
The study area is located in the north-western part of the Arkhangelsk Region, 70 km south of the Onega Bay of the White Sea in the northeastern part of the National Park "Vodlozersky" (Fig. 1.) . Muroigora (238 m a. s. l., 63°34'N 36°61'E) is an outcrop of solid crystalline rocks -diabase with boulders of different sizes (Kulikova et al., 2007) . The hill which is about 0.6 km long and 0.3 km wide is covered by spruce, pine and mixed spruce-pine forests, often with an admixture of small-leaved deciduous trees.
On the top of Muroigora there is a depression covered by Quaternary sediments, and The middle part of the slope is covered by lichen-rich pine forests with sparse pine stands and a lichen-dominated ground layer (95%). This part of the hill is characterized by numerous large boulders and stones of different sizes. Pine forests have originated after fire, which is typical in drained sites (Volkov, 2008) . Within the rocky outcrops there are some pine trees older than 300 years with traces of five fires.
Towards the foot of the mountain slope the thickness of the Quaternary sediments increases and lichen-rich pine forest is replaced first by mixed spruce-pine forest, then by spruce forest of Vaccinium myrtillus-green mosses-type, and then by spruce forest of shrub-Sphagnum-type bordering with Sphagnum mire. At the foot of the slope, deciduous trees such as aspen (Populus tremula L.) and willow (Salix caprea L.) occur in the tree stand. The grass-shrub layer is well developed and has a total coverage of 60-70%.
The age of the studied forests communities after the last fire is 172 years; normally, the fires are rare events for this type of communities. In fact, the known frequency of natural forest fires in the North-West Russia is 1-2 times per century for drained sites and 1-2 times in a millennium for wetlands (Gromtsev, 1990; Gorshkov, 1998) . The age of the tree stand varies from 342 to 69; dominated by trees of 120-150 years. In conclusion, the plant cover of Muroigora is a complex of different communities based mainly on the depth of the soil layer.
The climate of the study area is very close to the climate of the neighboring hill Olovgora described in our previous paper (Tarasova et al., 2015) .
Data collection
The field work was carried out by the first three authors during two expeditions in June 2010 and 2011. A total of 7 sample plots of 20×20 m were established along a transect on the northeastern slope of the hill Muroigora. A detailed geobotanical description of the rocky forest community was made for each sample plot including trees (height, age, basal area, crown density etc.) and the ground cover characteristics (shrub and herb cover, mosses and lichen cover) (Methods…, 2002) . The epiphytic, saxicolous (10×20 cm plots) and ground lichen communities (1×1 m plots) were described in detail. The epiphytic lichen cover was studied at 80 trees on southern and northern expositions, at trunk base and at 130 cm above ground. The epilithic lichen cover was described on saxicolous substrates on different expositions. Total number of descriptions was 140 for terricolous lichen cover, 214 for saxicolous lichen cover, and 280 for epiphytic lichen cover. To estimate the total lichen species richness, species occurring on all types of substrates were examined: trunks and branches of trees, shrubs, deadwood, mosses, soil and primitive soil covering the surface of the stones, rotting wood and stumps, dead trees, and boulders. The total area of the investigated sample plots was 0.24 ha.
The collected material, a total of 1200 lichen specimens, was identified using a standard microscopic technique and spot tests. The specimens of the genus Cladonia and sterile crustose lichen species were identified by a standard technique of thin-layer chromatography (TLC) in the Laboratory of Experimental Botany of Petrozavodsk State University, Petrozavodsk, using solvent systems A, B and C (Orange et al., 2001) . The nomenclature follows mainly Nordin et al. (2016) , except for the Lepraria ecorticata (Kukwa, 2006) .
The specimens are deposited in the herbarium of the Petrozavodsk State University (PZV).
List of study sites
Arkhangelsk Region, Onega District, Vodlozersky National Park, hill Muroigora, north-eastern slope:
1) the central part of the plateau, spruce forest of Myrtillus-type (238-237 m a. s. l., 63°34'19"N, 36°61'11"E); 2) the edge of the plateau, top part of the slope, pine forest of Vaccinium myrtillus-type (235-233 m a. s. l., 63°34'20"N, 36°61'22"E); 3) the higher part of the slope, pine forest of Vaccinium vitis-idea-type (229-226 m a. s. l., 63°34'22"N, 36°61'28"E); 4) the central part of the slope, sparse pine forest of lichen-type (224-222 m a. s. l., 63°34'24"N, 36°61'67"E); 5) the lower part of the slope, spruce forests of Vaccinium myrtillus-type (219-218 m a. s. l., 63°34'26"N, 36°61'35"E); 6) the initial part of slope foot, spruce forest of Vaccinium myrtillus-type (217-216 m a. s. l., 63°34'27"N, 36°61'39"E); 7) the foot of the slope, spruce forest of Equisetum-Sphagnum-type (214-213 m a. s. l., 63°34'28"N, 36°61'43"E).
THE SPECIES
Abbreviations and symbols: # -lichenicolous fungi; + -non-lichenized fungi; * -the species is new for the mainland part of the Arkhangelsk Region; ! -the species is new to the Vodlozersky National Park. AlectoriA sArmentosA (Ach.) Ach. 
DISCUSSION
As a result of the study, 188 species and 2 subspecies of lichens and allied fungi belonging to 72 genera were found in the rocky forest communities of Muroigora. The most species-rich genera are Cladonia (31 species, 2 subspecies), Chaenothecopsis (8), Bryoria (7), Chaenotheca (6), Ochrolechia (6) and Lecanora (6). A total of 109 species (58% of the lichen flora) were found on bark of trees, and 30 of them also occurred on wood. Among the studied phorophytes the highest lichen species richness (64 species, 33% of the lichen flora) was observed on trunks and branches of Picea abies. On bark of Pinus sylvestris 33 species (17%) were recorded, on bark of Betula pubescens -26 species (13%), on bark of Salix caprea -17 species (9%), on bark of Populus tremula -7 species (4%). The present list of lichens represents the first studied local lichen flora within the Arkhangelsk part of the Vodlozersky National Park. Altogether 89 species are new to the Park. Thus, at present time 250 lichen species are known for the Vodlozersky National Park.
The recent data on lichen diversity of this location in Arkhangelsk Region are known for rocky forest communities of hill Olovgora which is 25 km far from Muroigora (Fig 1.) (Tarasova et al., 2015) . Both hills, Olovgora and Muroigora, are small, the total area of both together is less than one square kilometer but the lichen diversity of both areas is rather high (Olovgora -226 taxa, Muroigora -190 taxa, common -146 taxa). In general, high level of species richness is typical for forest rocky communities. Most recorded species of Muroigora are typical for lowland habitats of the middle taiga. Some arctic species the amount of are presented here by Nephroma arcticum and Thamnolia vermicularis. Nevertheless, the high heterogeneity of forest communities, as well as a great age of last disturbance lead to the fact that the number of species in Muroigora is quite high in spite of smaller examined square. (Andersson et al., 2009 ) as well as a high species richness of the studied area can be accounted for variety of habitats and relatively long period of development without disturbances.
The present study with high species number on relatively small area, together with high diversity of indicator species and ecological continuity of forest landscape underlines the high lichen diversity potential of rocky forest communities. Such type of communities is extremely vulnerable in general because of high frequency of fires, recreational use, cuttings and mining industry. These facts suggest the need of further inventories of lichen diversity in rocky forest communities.
